Recently, a new technique for calculating the defect energetics of alloys based on Equivalent Crystal Theory has been developed. This new technique successfully predicts the bulk properties for binary alloys as well as segregation energies in the dilute limit. We apply this method for the calculation of energy and force as a function of separation of i an AFM tip and substrate. This study was done for different combinations of tip and sample materials. The validity of the universality discovered for same metal interfaces isexamlned for the case of different metal interactions.
The atomic force microscope (AFM) [1] has enabled the measurement of interfaciaJ forces at the atomic level as a function of separation [2] . However, the ability to perform theoretical caJculations of these forces is limited by the complexity of tip geometries. Also, the need to calculate force as a function of separation and the need to include relaxation makes first-principles calculations difficult to perform.
A new formalism, Equivalent Crystal
Theory (ECT) [3] , which has given accurate surface energies and relaxations for fcc, bcc metals and semiconductors [4] has been used to calculate the force versus separation for a range of tip geometries [5] . However, ECT has only been formulated for single component materials, whereas it is necessary to be able to calculate the same properties for different materials in contact.
Recently, a new method for treating multicomponent systems, which builds on the ideas of ECT, was introduced by Bozzolo, Ferrante and Smith (BFS) [6]. Here, we give a brief description of the method and present an application to a number of fcc and bcc metals in contact for several tip geometries. We wiU present the calculations of the binding energy and force as a function of separation and discuss the universal aspects of these curves.
In BFS, the total energy of a multicomponent system is the sum of the energies of individual atoms. For each atom, we break up the energy into two parts: a strain energy e s and a chemical contribution e c, linked by a coupling factor g:
where i denotes the atomic species of a given atom.
The strain energy, e/S, is obtained from a standard ECT defect calculation where all the atoms surrounding the atom in question are taken to be of the sarn_ atomic species i.
In the spirit of ECT, an equivalent lattice parameter ai s isstraightforwardly computed and ef = Ebr(af') the straincontribution becomes (2) where F'(a) = 1 -(1 + a)e -a and E L is the cohesive energy of an atom of species i. The # and/i axe the lattice paxameter and argument als°is given by aS°= (asi -a_)/l_, where a e screening length of a pure crystal of species i. The coupling term 9i is defined in terms of" the scaled lattice parameter aS" as gi "" ezp(-a_*).
The chemical contribution e_ is obtained by yet another standard ECT calculation.
As opposed to the strain energy term, the surrounding atoms retain their chemical iden- In this first application of BFS to the study of metMlic adhesion using AFM, we consid-eredseveral bimetallic junctions, concentrating on the effect of the tip shape on the adhesive forces in AFM. We left out the possibility of individual atomic displacements and avalanche effects for small gap widths, as our concern is with the existence of a universal behavior that include bimetallic systems in ideal (i.e., rigid) conditions. If these effects were taken into account, one would expect a greater sensitivity of the energetics of the tip geometry as well as tip and sample materials. We restricted our calculations to systems in which both the sample and the tip are fcc or bcc metals. Although there is some experimental evidence that multiple atom tips are typical in the scanning process [10], in this initial study we choose to model the interaction between the tip and the substrate with a single-atom tip.
We will show that different tip geometries account for minor corrections to the energetics of the system. This result is consistent with the body of available STM/AFM data [10]. . 4.c) , but the essential features should be the same for other tip shapes. There is a noticeable change in the qualitative behavior of these results as the lattice parameter mismatch between the components changes. However, we found that for bimetallic junctions, the binding energy curves also scale onto a unique curve which can be fitted satisfactorily Rydberg function," as in the case of pure metals as shown in Fig. 7.d 
